
1

Task 2.5: Vertical Variations in PMTask 2.5: Vertical Variations in PM
and PM Precursor Concentrationsand PM Precursor Concentrations

in the San Joaquin Valleyin the San Joaquin Valley
Presented by:Presented by:

Steven G. BrownSteven G. Brown
Nicole P. Hyslop*Nicole P. Hyslop*

Elizabeth M. SimonElizabeth M. Simon
Erin ShieldsErin Shields

Paul T. RobertsPaul T. Roberts
Sonoma Technology, Inc.Sonoma Technology, Inc.

Petaluma, CAPetaluma, CA

Presented to:Presented to:
CRPAQS Data Analysis WorkshopCRPAQS Data Analysis Workshop

Sacramento, CASacramento, CA
March 9-10, 2004March 9-10, 2004

*Now with U.C. Davis*Now with U.C. Davis

902326-2498



2

BackgroundBackground
•• In the winter, strong temperature inversions canIn the winter, strong temperature inversions can

result in significantly different pollutantresult in significantly different pollutant
concentrations aloft than at the surface.concentrations aloft than at the surface.

•• Key questions:Key questions:
–– How do concentrations vary vertically?How do concentrations vary vertically?
–– Do day/night differences in mixing height andDo day/night differences in mixing height and

temperature explain vertical concentration variations?temperature explain vertical concentration variations?
–– Can aloft versus surface transport be isolated?Can aloft versus surface transport be isolated?
–– How do trends at an elevated site compare to thoseHow do trends at an elevated site compare to those

taken in the Valley aloft and at the surface?taken in the Valley aloft and at the surface?
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ApproachApproach

•• Examine diurnal concentrations of and ratiosExamine diurnal concentrations of and ratios
between species aloft and at groundbetween species aloft and at ground

•• Compare aloft and ground concentrationsCompare aloft and ground concentrations
between night and daybetween night and day

•• Examine dependence on wind directions byExamine dependence on wind directions by
day/night and aloft/groundday/night and aloft/ground

•• Compare concentrations during episodes atCompare concentrations during episodes at
an elevated site (Sierra Nevada Foothills)an elevated site (Sierra Nevada Foothills)
with aloft and ground data from Valley siteswith aloft and ground data from Valley sites
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Site LocationsSite Locations

245-m
measurements

90-m
measurements

589-m
elevation

Highway 99
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Site DetailsSite Details
ANGIOLA (ANG) – 60 m MSLANGIOLA (ANG) – 60 m MSL

–– Remote arid locationRemote arid location
–– Meteorological and air quality measurements taken at surfaceMeteorological and air quality measurements taken at surface

(7 m AGL) and 90 m AGL (on 100-m tower)(7 m AGL) and 90 m AGL (on 100-m tower)
–– At 90m and surface, nephelometer, aethalometer, nitrate, OPC,At 90m and surface, nephelometer, aethalometer, nitrate, OPC,

NO, NONO, NOyy, O, O33

WALNUT GROVE (WAG) – 3 m MSLWALNUT GROVE (WAG) – 3 m MSL
–– Rural site in corridor between Bay Area and San Joaquin ValleyRural site in corridor between Bay Area and San Joaquin Valley
–– Meteorological and air quality measurements taken at 10 m AGLMeteorological and air quality measurements taken at 10 m AGL

and 245 m AGLand 245 m AGL
–– Nephelometer, aethalometer, nitrateNephelometer, aethalometer, nitrate

SIERRA NEVADA FOOTHILLS (SNF) – 589 m MSLSIERRA NEVADA FOOTHILLS (SNF) – 589 m MSL
–– Remote rural areaRemote rural area
–– Meteorological and air quality measurements taken at 6 m AGLMeteorological and air quality measurements taken at 6 m AGL
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OO33 and NO: Diurnal Trends at ANG and NO: Diurnal Trends at ANG
•• Ozone and NO showOzone and NO show

complementary diurnalcomplementary diurnal
trends.trends.

•• Ratio much different from 1Ratio much different from 1
suggests tower and surfacesuggests tower and surface
are separated (occurred atare separated (occurred at
night)night)

•• Ratio ~1 suggests tower andRatio ~1 suggests tower and
surface were in the samesurface were in the same
mixed environmentmixed environment
(occurred at midday)(occurred at midday)

•• At night, ozone is depletedAt night, ozone is depleted
at the surface and higherat the surface and higher
aloft, while NO is depletedaloft, while NO is depleted
aloft and is much higher ataloft and is much higher at
the ground.the ground.
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Day vs. Night: Angiola NO and ODay vs. Night: Angiola NO and O33

•• Titration of OTitration of O33 by NO occurs by NO occurs
during the day, whenduring the day, when
atmosphere is well-mixedatmosphere is well-mixed

•• Stratified layer at night leads toStratified layer at night leads to
depletion of Odepletion of O33 at surface while at surface while
aloft the NO is titrated awayaloft the NO is titrated away
and no new emissions of NOand no new emissions of NO
occuroccur

•• Very high NO at surface andVery high NO at surface and
minimal Ominimal O33 at night suggests at night suggests
local source of NOlocal source of NO

Day=1100-1600 PST (inclusive)

Night=2200-0500 PST (inclusive)
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Angiola NOAngiola NO
•• Highest NO concentrations occur at the surface duringHighest NO concentrations occur at the surface during

nighttime from east and southeast.nighttime from east and southeast.
•• U.S. Route 99, a north-south route with heavy truckU.S. Route 99, a north-south route with heavy truck

traffic, lies approximately 8 miles to the east of Angiola.traffic, lies approximately 8 miles to the east of Angiola.
•• Local transport during nighttimeLocal transport during nighttime

Angiola NO (ppb)
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Black Carbon: Diurnal TrendsBlack Carbon: Diurnal Trends
•• No distinct diurnal BC trend atNo distinct diurnal BC trend at

Angiola, though more variabilityAngiola, though more variability
at night:at night:
–– Difference compared to WalnutDifference compared to Walnut

Grove may be typical of differencesGrove may be typical of differences
between 90 m and 245 m in thebetween 90 m and 245 m in the
Valley.Valley.

–– Sources and sinks of BC may beSources and sinks of BC may be
balanced aloft and at surfacebalanced aloft and at surface
(regional?)(regional?)

•• Distinct diurnal BC trend atDistinct diurnal BC trend at
Walnut Grove:Walnut Grove:
–– Mixing during day distributesMixing during day distributes

throughout the vertical.throughout the vertical.
–– Higher concentrations at surface atHigher concentrations at surface at

night from transport along surface.night from transport along surface.
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Angiola Black CarbonAngiola Black Carbon
•• Highest BC concentrations during the night come from east,Highest BC concentrations during the night come from east,

northeast, and southeast.northeast, and southeast.
•• Segregating by wind direction shows similar trends as diurnal ratiosSegregating by wind direction shows similar trends as diurnal ratios
•• Similar concentrations aloft and at ground with wind from eastSimilar concentrations aloft and at ground with wind from east

differs from NO data, suggesting different sourcesdiffers from NO data, suggesting different sources

Angiola
Black carbon in PM2.5 (µg/m3)
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Angiola PMAngiola PM
•• Particle counts for binsParticle counts for bins

<0.52 µm show little<0.52 µm show little
difference between aloftdifference between aloft
and surface (seeand surface (see
example)example)

•• This diurnal trend isThis diurnal trend is
similar to BCsimilar to BC

•• Particle counts are higherParticle counts are higher
aloft for bins in thealoft for bins in the
0.52-3.5 µm range (see0.52-3.5 µm range (see
example) especially atexample) especially at
nightnight

•• Ratio >1 suggests towerRatio >1 suggests tower
environment different thanenvironment different than
surface (occurred duringsurface (occurred during
nighttime)nighttime)
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Sierra Nevada FoothillsSierra Nevada Foothills
•• Are concentrations at this elevated rural siteAre concentrations at this elevated rural site

affected more by transport along Valley floor oraffected more by transport along Valley floor or
aloft?aloft?
–– Compared SNF diurnal profiles to tower andCompared SNF diurnal profiles to tower and

ground at ANG and WAGground at ANG and WAG
–– Also examined two IOP periodsAlso examined two IOP periods

•• Strong diurnal patterns look more like a surfaceStrong diurnal patterns look more like a surface
site, even though SNF is at a higher elevation.site, even though SNF is at a higher elevation.

•• Strong diurnal patterns at SNF most similar toStrong diurnal patterns at SNF most similar to
Fresno, though much lower in concentration.Fresno, though much lower in concentration.

•• During episodes, SNF does not match the patternDuring episodes, SNF does not match the pattern
seen at ANG or WAG (next slide example)seen at ANG or WAG (next slide example)
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Dec 26-29, 2000 Episode:Dec 26-29, 2000 Episode:
NephelometersNephelometers

Episode: December 26-29, 2000
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SummarySummary
•• Both Angiola and Walnut Grove data showBoth Angiola and Walnut Grove data show

stratification at nightstratification at night
•• At Angiola, parameters show different diurnal verticalAt Angiola, parameters show different diurnal vertical

trends:trends:
–– During the night, ozone is higher aloft while NO is higher atDuring the night, ozone is higher aloft while NO is higher at

the ground, and both are well-mixed through the vertical in thethe ground, and both are well-mixed through the vertical in the
afternoonafternoon

–– BC concentrations are uniformly distributed through theBC concentrations are uniformly distributed through the
vertical throughout the day and nightvertical throughout the day and night

–– Particle counts for bins between 0.52 and 3.5 µm are higherParticle counts for bins between 0.52 and 3.5 µm are higher
aloft than at the surface except during the afternoonaloft than at the surface except during the afternoon

•• At Walnut Grove, BC, nitrate, and scattering are higherAt Walnut Grove, BC, nitrate, and scattering are higher
at the surface throughout the day until the afternoonat the surface throughout the day until the afternoon

•• Sierra Nevada Foothills site more like a surface siteSierra Nevada Foothills site more like a surface site
than either of the towersthan either of the towers
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ConclusionsConclusions
•• Towers were useful for characterizing verticalTowers were useful for characterizing vertical

pollutant distribution in the Valleypollutant distribution in the Valley
•• Diurnal trends in the vertical distribution of pollutantsDiurnal trends in the vertical distribution of pollutants

differed by pollutantdiffered by pollutant
•• At night at Angiola, conditions were conducive toAt night at Angiola, conditions were conducive to

nitrate formation aloftnitrate formation aloft
•• Diurnal trends of BC aloft and at the surface showDiurnal trends of BC aloft and at the surface show

regional influence while diurnal trends of NOregional influence while diurnal trends of NO
demonstrate local influencedemonstrate local influence

•• Counts for larger particles (bins 0.52-3.5 µm) wereCounts for larger particles (bins 0.52-3.5 µm) were
higher aloft, contrary to conceptual modelhigher aloft, contrary to conceptual model

•• Sierra Nevada Foothills site not useful forSierra Nevada Foothills site not useful for
characterizing vertical pollutant distribution in thecharacterizing vertical pollutant distribution in the
ValleyValley
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Site Measurements Site Measurements (1 of 3)(1 of 3)

AngiolaAngiola

XXAdvanced Pollution Instruments
Ozone (O3)

XXThermo Environmental Nitric Oxide and Reactive
Oxides of Nitrogen (NO and NOy)

XXRupprecht & Patashnick
PM2.5 Nitrate (NO3)

XXMagee Scientific Aethalometer
PM2.5 Black Carbon (BC)

XXXClimet Optical Particle Counter
(0.3 to 10 µm)

XXXRadiance Research Nephelometer
Particle Scattering (bsp)

Angiola
90 m

Angiola
45 m

Angiola
SurfaceAir Quality Measurement
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Site Measurements Site Measurements (2 of 3)(2 of 3)

Walnut GroveWalnut Grove

XXRupprecht & Patashnick PM2.5 Nitrate (NO3
-)

XXMagee Scientific Aethalometer PM2.5 Black
Carbon (BC)

XXRadiance Research Nephelometer Particle
Scattering (bsp)

Walnut Grove
245 m

Walnut Grove
14 mAir Quality Measurement
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Site Measurements Site Measurements (3 of 3)(3 of 3)

Sierra Nevada FoothillsSierra Nevada Foothills

XThermo Environmental Nitric Acid and Reactive Oxides of Nitrogen
(HNO3 and NOy)

XAdvanced Pollution Instruments
Ozone (O3)

XThermo Environmental Nitric Oxide and Reactive Oxides of Nitrogen
(NO and NOy)

XRupprecht & Patashnick PM2.5 Nitrate (NO3)

XMet One PM2.5 Beta Attenuation Monitor (PM2.5 mass)

XMagee Scientific Aethalometer PM2.5 Black Carbon (BC)

XRadiance Research Nephelometer Particle Scattering (bsp)

Sierra Nevada
FoothillsAir Quality Measurement
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Walnut Grove NephelometerWalnut Grove Nephelometer

Walnut Grove
Nephelometer

Median value for each wind sector
Backscattering at 590 nm (1/m*10^6)
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Most particle backscattering at Walnut Grove is from air masses from east.

Sources of particle backscattering include Interstate 5, U.S. Route 99,
transport from greater San Joaquin Valley.

Very high aloft bsp from southeast at night could indicate long-range transport
from San Joaquin Valley in aloft layer.
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Walnut Grove Black CarbonWalnut Grove Black Carbon
•• BC higher from east during day/night at tower/groundBC higher from east during day/night at tower/ground

–– Interstate 5 is approximately 4 miles east of Walnut Grove.Interstate 5 is approximately 4 miles east of Walnut Grove.
–– BC at night at ground level from the north could be fromBC at night at ground level from the north could be from

Sacramento / Interstate 80 (25 mi N).Sacramento / Interstate 80 (25 mi N).
–– Highest BC concentrations during nighttime aloft areHighest BC concentrations during nighttime aloft are

predominantly from east – transport from Valley?predominantly from east – transport from Valley?

Walnut Grove
Black Carbon in PM2.5 (µg/m3)

Median value for each wind sector
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Walnut Grove: Diurnal TrendsWalnut Grove: Diurnal Trends
•• At night, Walnut GroveAt night, Walnut Grove

scatteringscattering  is higher at theis higher at the
surface than aloft.surface than aloft.
–– Similar to the BC diurnal trendSimilar to the BC diurnal trend
–– PM emissions could be trapped atPM emissions could be trapped at

the surface layerthe surface layer
•• Walnut Grove nitrateWalnut Grove nitrate

concentrations are consistentlyconcentrations are consistently
higher at the surface than aloft.higher at the surface than aloft.
–– Ratio approaches unity at midday;Ratio approaches unity at midday;

offset may be instrument biasoffset may be instrument bias
–– Other than not reaching unity inOther than not reaching unity in

afternoon, results are consistentafternoon, results are consistent
with nephelometer and BC datawith nephelometer and BC data
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Day vs. Night: NitrateDay vs. Night: Nitrate
•• At both sites, there isAt both sites, there is

scatter during day andscatter during day and
night.night.

•• More scatter at WalnutMore scatter at Walnut
Grove demonstratesGrove demonstrates
various transport regimesvarious transport regimes

•• Lack of day/night differentialLack of day/night differential
seems odd in context withseems odd in context with
precursor differencesprecursor differences
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Dec 26-29 2000 Episode:Dec 26-29 2000 Episode:
Surface NephelometersSurface Nephelometers

Episode: December 26-29, 2001
Nephelometer
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